Abstract: Nickel and chromium ions released from fixed orthodontic appliances may act as allergens. This study aimed to systematically review the effect of fixed orthodontic treatment on salivary levels of these ions by doing a meta-analysis on cross-sectional and cohort studies. The Web of Science, Scopus, Cochrane Library, and PubMed databases were searched for articles on salivary profile of nickel or chromium in patients under fixed orthodontic treatment published from January 1983 to October 2017. A random-effect meta-analysis was done using Review Manager 5.3 to calculate mean difference (MD) and 95% confidence interval (CI), and the quality of questionnaire was evaluated by the Newcastle-Ottawa scale. Fourteen studies were included and analyzed in this meta-analysis. Salivary nickel level was higher in periods of 10 min or less (MD = −11.5 µg/L, 95% CI = −16.92 to −6.07; P < 0.0001) and one day (MD = −1.38 µg/L, 95% CI = −1.97 to −0.80; P < 0.00001) after initiation of treatment compared to baseline (before the insertion of appliance). Salivary chromium level was higher in periods of one day (MD = −6.25 µg/L, 95% CI = −12.00 to −0.49; P = 0.03) and one week (MD = −2.07 µg/L, 95% CI = −3.88 to −0.26; P = 0.03) after the initiation of treatment compared to baseline. Corrosion of fixed orthodontic appliances leads to elevated salivary nickel and chromium concentrations early after initiation of orthodontic treatment. Randomized clinical trials controlling for factors affecting the saliva composition are recommended on a higher number of patients and among different ethnicities.
Introduction
Orthodontic appliances are highly biocompatible, although some side effects associated with the release of nickel ions have been documented [1] . Fixed orthodontic appliances including brackets and arches are commonly made of stainless steel and nickel-titanium (NiTi) alloys and, therefore, have corrosion potential in the oral environment [2] . The amount of nickel as the main constituent of contemporary orthodontic appliances [3] may vary from 8% in stainless steel [4, 5] to more than 50% in NiTi alloys [4] . Stainless-steel alloys include 17% to 22% of chromium [6] . Fixed orthodontic
Search Strategy
We searched the Web of Science, Scopus, Cochrane Library, and PubMed databases for articles on assessment of salivary profiles of nickel or chromium in patients under orthodontic treatment using the search terms "nickel or chromium", "orthodontic", and "saliva or salivary". The search was limited to human studies accessible in PubMed, Web of Science, and Scopus published from January 1983 to October 2017.
Study Selection
Articles on evaluation of salivary profile of nickel or chromium in patients under fixed orthodontic treatment (Table 1) were selected after reviewing their English abstract. Studies were included if they had a cross-sectional, cohort, or case-control design and evaluated salivary profile, including the mean/median salivary nickel or chromium level. Review articles, letters to editor or case reports, and articles with full texts that were not accessible free of charge or that had not reported the mean or median salivary concentration of ions were excluded. The most important inclusion criteria were as follows: 1) patients with no previous history of orthodontic treatment, 2) presence of controls without previous/current orthodontic treatment, 3) patients and controls without any systemic disease or dental problem, and 4) saliva samples collected from patients and controls after rinsing the mouth. 
Data Extraction from Studies
One author (M.S.) reviewed the articles, screened the titles and abstracts based on the aforementioned criteria, and extracted the required data. Two authors (M.R. & M.S.) independently rechecked the full text of the screened studies. Data collected from each study included the name of the first author, year of publication, country, number of patients evaluated, percentage of male patients, mean age of patients, and salivary nickel or chromium levels. These data were rechecked by another author (M.M.I.).
Quality Evaluation
The quality of the questionnaire was evaluated using the Newcastle-Ottawa scale [18] , in which the maximum total score is 10 for a cross-sectional study and 9 for a cohort or case-control study. The quality evaluation was done by two authors (M.R. & M.S.) for each study until a consensus was reached via discussion.
Statistical Analyses
A random-effect meta-analysis was done by the Review Manager 5.3 (The Cochrane Collaboration, Oxford, United Kingdom) using the mean difference (MD) and 95% confidence interval (CI). Heterogeneity between the estimates was evaluated by the Q and I2 statistic. For the Q statistic, heterogeneity was considered if P < 0.1, and P-value (2-sided) <0.05 was considered statistically significant in this meta-analysis. The heterogeneity (I 2 ) statistic yields results ranging from zero to 100%; 0 to 25% indicates lack of heterogeneity, 25% to 50% indicates moderate heterogeneity, 50% to 75% indicates large heterogeneity, and 75% to 100% indicates extreme heterogeneity [19] . In addition, the publication bias was evaluated by the funnel plot analysis and the Begg's and Egger's tests. We used a formula for estimation of the mean and standard deviation if the study reported median plus range [20] , or median plus interquartile range [21] . The unit of measurement of salivary nickel or chromium level was microgram per liter (µg/L).
Results

Characteristics of Included Studies
The search of the four databases yielded 451 studies (Figure 1 ). After excluding the duplicates, 283 studies were screened, from which 262 were not relevant according to the set criteria. Therefore, the full texts of 21 studies were assessed for eligibility. After reading the full texts of 21 studies, 7 studies were excluded with reasons (two studies had invalid data, one case-control study had lost data, one case-control study had reported the level of ions in the mass of saliva instead of volume, two randomized clinical trials had heterogeneous methods, and one study had different number of patients in each treatment period). Finally, 14 articles were included and analyzed in this meta-analysis. Table 2 shows the characteristics of 14 studies included in this meta-analysis. Four studies had been conducted in India [2, 10, 22, 23] , three in Iran [24] [25] [26] , one in Norway [5] , one in Turkey [13] , one in Brazil [11] , one in Greece [4] , one in Morocco [6] , one in Saudi Arabia [15] , and one in Germany [1] . Two studies [1, 22] reported the median (quartile) of the salivary level of ions, two studies [4, 5] reported the median (range), and one study [6] reported the mean (range) values. Three studies [2, 6, 23] had only evaluated one assessment period of orthodontic treatment. Three studies did not report the mean age [1, 2, 11] . Table 2 shows the mean age, age range, percentage of male and female patients, follow-up periods, analysis methods, and saliva sampling method in each study. Table 2 shows the characteristics of 14 studies included in this meta-analysis. Four studies had been conducted in India [2, 10, 22, 23] , three in Iran [24] [25] [26] , one in Norway [5] , one in Turkey [13] , one in Brazil [11] , one in Greece [4] , one in Morocco [6] , one in Saudi Arabia [15] , and one in Germany [1] . Two studies [1, 22] reported the median (quartile) of the salivary level of ions, two studies [4, 5] reported the median (range), and one study [6] reported the mean (range) values. Three studies [2, 6, 23] had only evaluated one assessment period of orthodontic treatment. Three studies did not report the mean age [1, 2, 11] . Table 2 shows the mean age, age range, percentage of male and female patients, follow-up periods, analysis methods, and saliva sampling method in each study. after fixed orthodontic treatment compared to baseline (before fixed orthodontic treatment). There was no heterogeneity in 10 min or less, 1 day, 3 weeks, 2 months, and si6x months, whereas extreme heterogeneity was found in 1 week and 1 month, and a large heterogeneity was observed in 12 months. There were significant differences in time periods of 10 min or less, 1 day, 2 months, and 3 months. In time periods of 10 min or less and 1 day, salivary nickel level was higher after treatment compared to before treatment, but in periods of 2 months and 3 months, salivary nickel level after treatment was less than that before treatment. There was no heterogeneity in 3 weeks and 6 months after treatment, whereas an extreme heterogeneity was found in 1 day, 1 week, and 12 months and a large heterogeneity in 10 min or less and 1 month after treatment. There were significant differences in time periods of 1 day and 1 week; salivary chromium level was found to be higher after treatment than before treatment in both periods. Figure 4 shows salivary nickel levels in five time periods after the insertion of fixed appliances. The pooled MD was estimated immediately after placement of the bands and brackets (MD = −36.79 µg/L, 95% CI = −56.08 to −17.51; P = 0.0002), after two weeks (MD = 8.27 µg/L, 95% CI = 3.75 to 12.78; P = 0.0003), before placement of archwires (MD = −20.27 µg/L, 95% CI = −38.24 to −2.31; P = 0.03), immediately after placement of archwires (MD = 12.46 µg/L, 95% CI = 8.45 to 16.46; P < 00001), four weeks after placement of wires (MD = 8.14 µg/L, 95% CI = 4.66 to 11.63; P < 00001), and eight weeks after placement of wires compared to baseline (before fixed orthodontic treatment). There was a large heterogeneity in the first and third periods, whereas there was no heterogeneity in the second, fourth, and fifth periods. There were significant differences in all periods such that the salivary nickel level was higher after placement of the bands and brackets and immediately after placement of archwires compared to baseline (before treatment), but this value was lower after two weeks, before placing the archwires, four weeks after placement of wires, and four weeks after placement of wires compared to before treatment. Dent. J. 2018, 6, x FOR PEER REVIEW 8 of 17
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Figure 2. Forest plot of the random effect of salivary nickel levels in patients under fixed orthodontic treatment (before versus after treatment). large heterogeneity in the first and third periods, whereas there was no heterogeneity in the second, fourth, and fifth periods. There were significant differences in all periods such that the salivary nickel level was higher after placement of the bands and brackets and immediately after placement of archwires compared to baseline (before treatment), but this value was lower after two weeks, before placing the archwires, four weeks after placement of wires, and four weeks after placement of wires compared to before treatment. 
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Salivary Nickel and Chromium Levels (Case-Control Studies)
Nickel Levels
Three studies showed MD of the salivary nickel in patients under fixed orthodontic treatment compared to controls ( Figure 5 ). The pooled MD was estimated at 3.14 µg/L (95% CI = −0.92 to 7.21; P = 0.13) in patients compared to controls. There was a moderate heterogeneity. 
Salivary Nickel and Chromium Levels (Case-Control Studies)
Nickel Levels
Three studies showed MD of the salivary nickel in patients under fixed orthodontic treatment compared to controls ( Figure 5 ). The pooled MD was estimated at 3.14 µg/L (95% CI = −0.92 to 7.21; P = 0.13) in patients compared to controls. There was a moderate heterogeneity. Figure 6 shows MD of the salivary chromium level in patients compared to controls in three studies. The pooled MD was estimated at −0.09 µg/L (95% CI = −0.85 to 0.67; P = 0.82) in patients compared to controls. There was a large heterogeneity. Figure 6 shows MD of the salivary chromium level in patients compared to controls in three studies. The pooled MD was estimated at −0.09 µg/L (95% CI = −0.85 to 0.67; P = 0.82) in patients compared to controls. There was a large heterogeneity. Figure 6 shows MD of the salivary chromium level in patients compared to controls in three studies. The pooled MD was estimated at −0.09 µg/L (95% CI = −0.85 to 0.67; P = 0.82) in patients compared to controls. There was a large heterogeneity. Table 3 shows the quality score for each study included in the meta-analysis. The mean score was 7.78 for cross-sectional, 6.67 for cohort, and 7.50 for case-control studies. Figure 6 . Forest plot of the random effect of salivary chromium levels in patients under fixed orthodontic treatment in case-control studies. Table 3 shows the quality score for each study included in the meta-analysis. The mean score was 7.78 for cross-sectional, 6.67 for cohort, and 7.50 for case-control studies. Figure 7A shows the evaluation of publication bias among the included studies on salivary nickel levels. Begg's and Egger's tests did not reveal significant evidence of publication bias among the included studies on salivary nickel levels in time periods of 10 min or less and after 1 month. Begg's and Egger's tests revealed significant evidence of publication bias in periods of after one day and after one week. Regarding the periods of after 3 weeks, after 2 months, after 3 months, after 6 months, and after 24 months, Begg's test revealed no publication bias, and Egger's test could not be performed because only two studies were included. For the period of after 12 months, Begg's test revealed no publication bias, but Egger's test revealed a significant publication bias. Figure 7B shows evaluation of the publication bias among the included studies on salivary chromium level. Begg's and Egger's tests did not reveal significant evidence of publication bias among the included studies on salivary chromium levels in periods of after 1 month and after 12 months. Begg's and Egger's tests revealed significant evidence of publication bias among the included studies on salivary nickel level in time periods of after one day and after one week. As for the period of 10 min or less, after 3 weeks, after 2 months, after 3 months, after 6 months, and after 24 months, Begg's test revealed no publication bias, and Egger's test could not be performed because only two studies were included. Figure 7 . Funnel plot of the random effect of (A) salivary nickel levels and (B) salivary chromium levels in patients under fixed orthodontic treatment (before versus after treatment).
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and Egger's tests did not reveal significant evidence of publication bias among the included studies on salivary chromium levels in periods of after 1 month and after 12 months. Begg's and Egger's tests revealed significant evidence of publication bias among the included studies on salivary nickel level in time periods of after one day and after one week. As for the period of 10 minutes or less, after 3 weeks, after 2 months, after 3 months, after 6 months, and after 24 months, Begg's test revealed no publication bias, and Egger's test could not be performed because only two studies were included.
Discussion
This meta-analysis evaluated the salivary nickel and chromium levels in patients under fixed orthodontic treatment for different periods of time compared to controls. The salivary nickel level was higher in periods of 10 min or less and 1 day from the insertion of appliance as well as after placement of the bands and brackets and immediately after placement of archwires compared to baseline, while the salivary nickel level was lower than the baseline (pretreatment) value in periods of after two months and three months from the insertion of appliance as well as two weeks after the insertion of appliance except for wires, and four weeks after the placement of wires. The salivary chromium level was higher than the baseline pretreatment value in periods of one day and one week after the insertion of appliance. In this meta-analysis, the mean concentration of chromium in the reviewed studies ranged from 0.68 to 142.16 µg/L and the mean concentration of nickel ranged from 0.52 to 102.68 µg/L.
It has been shown that nickel and chromium ions can cause hypersensitivity reactions, dermatitis, and asthma; thus, nickel and chromium ions released from stainless-steel orthodontic bands, brackets, and wires are likely to cause allergic reactions [5, 27] . The composition of saliva may be affected by many physiological variables such as time of the day, health conditions, diet [28] , and salivary flow rate [29] . The emotional state also affects the salivary flow rate; for example, anxiety and depression can cause dry mouth [30] . The large variations in nickel levels reported in studies might be explained by the differences in saliva composition and pH, which are influenced by various physiological and environmental factors such as time of the day, diet, health, and mental conditions as well as nickel adhesion to epithelial cells, bacteria, macromolecules of the saliva [9, 11, [31] [32] [33] , and the method of sampling (stimulated versus unstimulated saliva collection) [7, 19, 34] . Differences in the methodology, sample size, and time periods of sample collection may explain generally lower nickel concentrations in patients treated with fixed appliances [10] . High metal ion levels are found one to two weeks after exposure to metal appliances, which will later return to their initial levels [4, 5, 13, 35] . Orthodontic appliances release ions into the oral environment [1, 11, 12] more intensely in the first months of placement of the appliance [1, 10] . In the present study, in the periods of 10 min or less and 1 day after fixed orthodontic treatment, nickel levels significantly increased compared to baseline. In addition, chromium levels significantly increased at one day and one week after the initiation of treatment compared to baseline. Therefore, a passivation layer is required to reduce the release of ions. In addition, reduction in salivary level of nickel after two and three months of treatment with a peak at one month shows that the maximum release of nickel probably occurs earlier than one month but the environmental and psychological conditions of the patients undergoing treatment immediately after placement of bands, brackets, and archwires may affect the release of nickel; these conditions may be variable in different studies.
An in vitro study demonstrated the corrosion potential of orthodontic appliances [2] . Some studies showed nickel [36] [37] [38] [39] [40] and chromium [11, 37, 39, 41] release from orthodontic brackets. However, when placed in the oral cavity; the appliances are mechanically activated to facilitate tooth movement. The archwire movement and bracket friction may lead to greater corrosion and increase the release of metal ions from the orthodontic appliances [2] . Corrosion of orthodontic alloys may lead to the release of sizeable amounts of nickel and chromium into the saliva [42, 43] . In the present study, salivary nickel levels significantly increased in two time periods, namely after placement of the bands and brackets and immediately after placement of archwires. Therefore, corrosion can be an effective factor to increase salivary nickel levels in fixed orthodontic treatment. Among the six case-control studies included in this meta-analysis, two studies [15, 26] showed significantly higher nickel level in patients under orthodontic treatment than controls and two studies [32, 44] did not show any significant difference between the two groups, but two other studies [9, 34] showed a lower level in patients compared to controls (P > 0.05). Also, evaluation of chromium level in five studies revealed that three studies [26, 34, 44] reported a higher level in patients compared to controls (P > 0.05) while two other studies [9, 15] reported a lower level in patients compared to controls. Meta-analysis of two eligible case-control studies [15, 26] showed a higher level of nickel, but a lower level of chromium without a significant difference between the two groups of patients and controls. The difference in salivary nickel and chromium levels among in vivo or in vitro studies and also between in vivo and in vitro studies can be due to the difference in ions released from orthodontic appliances. Based on the conclusions of reviewed studies, type of appliances (bands, brackets, and archwires) having the different amounts of ions in their structure, history of allergy in patient, period of treatment, saliva pH, and diet were effective factors in the level of ions. The lack or presence of heterogeneity in time periods cannot have a reasonable explanation due to the small number of participants or studies in some time periods. Therefore, in order to have a strong clinical result, more homogeneous studies having the similar times should be undertaken. The small number of case-control studies included in this meta-analysis can affect the results as a bias. Further studies and clinical trials are required in this respect. Moreover, future studies should pay close attention to the method of saliva sampling and the follow-up time to minimize bias.
Limitations of this meta-analysis included different protocols of saliva sampling in different studies, different analyses of the saliva samples in different studies, different percentages of males and females in the studies, different age range of patients, different time periods of evaluation, and small number of participants in the majority of studies.
Conclusions
Overall, within the limitations of this meta-analysis, it can be concluded that corrosion of fixed orthodontic appliances leads to elevated salivary nickel and chromium levels early after the initiation of orthodontic treatment. The small amount of nickel released from orthodontic appliances in cross-sectional/cohort and case-control studies may support the opinion of an orally-induced tolerance level against nickel early after the initiation of orthodontic treatment. Randomized clinical trials controlling for the factors affecting the composition of saliva are recommended with a larger sample size and among different ethnic groups.
